The Twins Study: NASA's First Foray into 21st Century Omics Research by Kundrot, Craig E.
National Aeronautics and Space Administration 
Human Research Program 
Craig E. Kundrot, Ph.D. 
Deputy Chief Scientist, HRP 
SA2/NASA JSC 
The Twins Study:  
NASA’s First Foray into 21st 
Century Omics Research 
 
Grand Rounds 
23 September 2014 
https://ntrs.nasa.gov/search.jsp?R=20140012760 2019-08-31T18:58:37+00:00Z
Outline 
• What is “omics” and what can we learn from an omics 
investigation? 
• What is the Twins Study? 
• What issues is NASA grappling with as it undertakes omic 
research? 
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Omics 
Omics:  A neologism for the constellation of an organism’s “-omic” 
information, which includes the genome itself (genomic), 
transcription products (transcriptomic), protein products 
(proteomic) and metabolic products (metabolomic). 
medical-dictionary.thefreedictionary.com/omics 
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Epigenome 
Epitranscriptome 
Mike Snyder 
Celll (2012) 148:1293-1307. 
Example: The “Snyderome” 
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Analyses 
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Timeline 
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Genome: Quantitative Risk Estimates 
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Decomposition of the Risk Estimate 
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Wide Range of Predictive Power 
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(Targeted) Metabolome: Glucose 
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“After a dramatic change in diet, exercise and 
ingestion of low doses of acetylsalicylic acid a 
gradual decrease in glucose (to ~93 mg/dl at day 
602) and HbA1c levels to 4.7% was observed.” 
“These results indicate that a genome sequence can 
be used to estimate disease risk in a healthy 
individual, and by monitoring traits associated with 
that disease, disease markers can be detected and 
the phenotype treated.” 
Transcriptome: Unexpected Activations 
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“A large number of genes with a coexpression pattern 
common to both infections in the time course have yet to be 
implicated in known pathways and provide possible 
connections related to immune response.” 
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The One-Year Mission 
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The Twins Opportunity Originated at 
the Initiative of Scott & Mark Kelly Twins 
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“To capitalize on this unique opportunity,  
 
 NASA’s Human Research Program (HRP) and the 
National Space Biomedical Research Institute 
(NSBRI) are initiating  
 
 a pilot demonstration project focused on the use of 
integrated human -omic analyses to   
 
better understand the biomolecular responses to  
 
the physical,  
physiological, and  
environmental stressors associated with 
  
spaceflight.”  
NRA Solicitation 
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NASA Funded 10 Research Proposals 
In Response to its “Twins” Solicitation 
http://www.nasa.gov/content/nasa-selects-10-proposals-to-explore-genetic-aspects-of-spaceflight/ 
Selections 
• 2 Subjects 
- Scott Kelly 
- Mark Kelly 
• 10 Selections 
1. Susan Bailey, Colorado State University, Differential effects on telomeres and telomerase in twin 
astronauts associated with spaceflight 
2. Andrew Feinberg, Johns Hopkins University School of Medicine, Comprehensive whole genome 
analysis of differential epigenetic effects of space travel on monozygotic twins 
3. Christopher Mason, Weill Medical College of Cornell University, The Landscape of DNA and RNA 
Methylation Before, During, and After Human Space Travel 
4. Scott Smith, NASA Johnson Space Center, Biochemical Profile: Homozygous Twin control for a 12 
month Space Flight Exposure 
5. Emmanuel Mignot, Stanford University School of Medicine, HERO Twin Astronaut Study 
Consortium (TASC): Immunome Changes in Space 
6. Fred Turek, Northwestern University, HERO Twin Astronaut Study Consortium (TASC) Project: 
Metagenomic Sequencing of the Bacteriome in GI Tract of Twin Astronauts 
7. Stuart Lee, Wyle Laboratories, Metabolomic And Genomic Markers Of Atherosclerosis As Related 
To Oxidative Stress, Inflammation, And Vascular Function In Twin Astronauts 
8. Brinda Rana, University of California, Proteomic Assessment of Fluid Shifts and Association with 
Visual Impairment and Intracranial Pressure in Twin Astronauts 
9. Mathias Basner, University of Pennsylvania School of Medicine, HERO Twin Astronaut Study 
Consortium (TASC) Project: Cognition on Monozygotic Twin on Earth 
10. Michael Snyder, Stanford University, HERO Twin Astronaut Study Consortium (TASC) Project: 
Longitudinal integrated multi-omics analysis of the biomolecular effects of space travel 
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Scott Kelly – ISS for one year 
Mark Kelly – Earth control 
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Measuring the Temporal Response to Space Flight 
• 2 major sample collections pre-flight 
• 10 major sample collections in-flight 
• 2 major sample collections post-flight 
 
• 6 major sample collections ground 
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Issues Associated with Omic Research 
• Protect the Research Subject 
• Medical care 
• Occupational health 
• Employment activity 
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Protecting the Human Subject 
• Interim policy on genetic research JID 1800.4 
- Applies to the NASA Flight IRB 
- “For purposes of this policy, the term ‘genetic 
analysis’ includes research involving human 
DNA, RNA, chromosomes, proteins, or 
metabolites that detects genotypes, mutations, 
or chromosomal changes.  It excludes the 
analysis and collection of bio-specimens that 
will not be submitted to genetic analysis.”  
 
• Changes to the Informed Consent Form 
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Risks of Genetic Research 
• The primary risks involved in genetic research are risks of social 
and psychological harm, rather than risks of physical injury 
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• Genetic studies that generate 
information about subjects' personal 
health risks  
• Could provoke anxiety and confusion 
• Damage familial relationships 
• Uncover unwanted information about 
heritage, ancestry, and family 
relationships 
 
 II.C. Additional Informed Consent 
Requirements 
  
1. Any study involving genetic data shall 
provide test subjects with genetic 
counseling as appropriate to the study 
objectives and when requested by the 
Flight IRB.  
  
23 
Incidental Findings 
• 56 genes might lead to medically actionable results 
 
• American College of Medical Genetics and Genomics (ACMG) 2013 – 
(http://goo.gl/C888BY) 
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 II.C. Additional Informed Consent 
Requirements 
  
1. Any study involving genetic data shall 
provide test subjects with genetic 
counseling as appropriate to the study 
objectives and when requested by the 
Flight IRB.  
  
Sharing Information with the Research Subject 
• Will the subject have the option to receive 
individual genome sequence data? 
 
• Will the investigators interpret the results of 
the genome sequence and will that result be 
disclosed to the research subject? 
 
• If the genome data are given to research 
subject will he/she have the option to decline 
to receive all or part of the results?  
(Right Not to Know) 
 
• If there are medically actionable results will 
the investigators provide expert counseling 
or referral?  
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 II.C. Additional Informed Consent 
Requirements 
  
1. Any study involving genetic data shall 
provide test subjects with genetic 
counseling as appropriate to the study 
objectives and when requested by the 
Flight IRB.  
  
Concern: Identifiable Data 
• There are several kinds of gene sequencing 
- Whole Genome 
- RNA-seq 
- ChIP-seq 
- Methyl-seq 
 
 
• All generate identifiable data 
- Deidentified sequences can be re-identified 
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Confidentiality and Privacy 
• Individual genome sequences are unique and therefore uniquely identifiable 
 
• Genome sequence placed in the public domain, may enable others to infer 
health information about the individual and his/her relatives 
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II.B.2. Use of genetic data 
a) Data shall not be disseminated 
beyond the immediate control of the 
individual investigators documented in 
the protocol approved by the Flight IRB. 
b) Genetic data shall not be data-mined 
or cross-referenced with other 
databases of any kind unless approved in 
advance by the Flight IRB.  
c) Investigators shall not attempt to 
identify individual participants within 
de-identified data sets or pooled 
specimens, or to otherwise "reverse 
engineer" or "disassemble" data sets for 
bio-specimens involving NASA research 
subjects. 
II.B.3. Security and Storage of data 
a) Genetic data shall be encrypted and 
stored on secure servers.  All IT systems 
used to store, process, or analyze genetic 
data shall comply with NASA’s IT security 
standards for systems containing Privacy 
Act-protected information. In addition, 
no genetic data may be stored on mobile 
devices such as tablets, smart phones, or 
on removable media.  
b) Genetic data stored on laptops shall be 
limited to the minimum amount required 
at any one time for current research 
purposes.   
c) Once a study is completed, 
attributable data shall be archived in a 
secure manner by the 
investigator.  Investigators may be 
required to archive original study data 
at NASA or elsewhere at NASA’s 
direction, and to destroy all copies of 
the original study data after the study is 
complete. 
II.B.4. Release of data 
a) No genetic sequence data may be 
posted online or otherwise published or 
made public.  
b) The IRB may waive this prohibition for 
the release of limited sequence data that 
is non-attributable. The IRB must 
approve such a limited release in 
advance.  The informed consent of the 
affected research subjects will be sought 
prior to such release. 
c) The privacy of genetic information will 
be protected to the full extent of the law, 
including after the death of the subject 
to avoid the unwarranted invasion of 
personal privacy of surviving family 
members. 
27 
The General Levels of Confidentiality and Privacy 
1. The study may retain genome sequences and not allow any data sharing to any 
third party 
2. The study may share with qualified third parties conducting related research 
3. The study may share the data using a secure server like the NIH dbGAP 
4. The study may deposit the data in a publically accessible database 
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II.B.3. Security and Storage of data 
c) Once a study is completed, 
attributable data shall be archived in a 
secure manner by the 
investigator.  Investigators may be 
required to archive original study data at 
NASA or elsewhere at NASA’s direction, 
and to destroy all copies of the original 
study data after the study is complete. 
II.B.4. Release of data 
a) No genetic sequence data may be 
posted online or otherwise published or 
made public.  
b) The IRB may waive this prohibition for 
the release of limited sequence data that 
is non-attributable. The IRB must approve 
such a limited release in advance.  The 
informed consent of the affected 
research subjects will be sought prior to 
such release. 
c) The privacy of genetic information will 
be protected to the full extent of the law, 
including after the death of the subject to 
avoid the unwarranted invasion of 
personal privacy of surviving family 
members. 
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II.C.3. Subjects have the right to review 
presentation slides prior to public 
presentation and to review manuscript 
drafts and final publications before 
public release.  Research subjects have 
the right to have their identifiable 
information removed from the 
presentation or publication. 
Insurance and Employment 
 
• What assurances can be made about health insurance, 
disability insurance, life insurance, and employment? 
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From the Informed Consent Form (ICF) 
 
12.9  Confidentiality and release of protected health information for genetic 
research studies 
• We will not convey your individual research results from this study to your 
medical record. 
• We will not give your results to anyone else including your doctors. If we find 
something in your research testing that we believe can be used to directly help 
you with medical decisions, we will give that information to you. 
Conclusion 
• The Twins Study (Scott and Mark Kelly) is NASA’s first foray into 21st-
century omics research 
- Built around Scott Kelly’s one year mission 
• The Twins Study will examine 
- Genome and epigenome 
- Transcriptome and epitranscriptome 
- Proteome 
- Metabolome 
- Microbiome 
- Physiology 
- Cognition 
• NASA is addressing 
- Protections for research subjects 
• Interim Genetic Research Policy JID 1800.4 
• Agency-level policy expected by summer 2016 
- Use of data in medical care and occupational medicine 
- Use of data in mission planning  
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